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Introduction
From the 25 trials a plot like that of Sample 6 above was produced for each 
sample.  In all cases a linear trendline was fitted to the data.  However, 
Sample 6 appears to have a declining distribution that levels off and was 
better fit by a polynomial trendline.
The behavior of Sample 6 would be expected once the optimal thinner 
quantity was exceeded.  This is consistent with Sample 8 having the same iron 
content as Sample 6, and having 1.6% more expansion.  
The most significant value is the 11.5% expansion of Sample 8.
As anticipated higher iron content results in a higher expansion, but that 
finding was secondary to locating the optimal thinner amount.  
The table below contains the salient inputs and the final expansion value 
found through averaging the expansion of all 25 trials for each sample.
Multiple silicone based rubbers were initially purchased from Reynolds 
Advanced Materials to find the softest one.  Rubber hardness is rated on the 
Shore Durometer scale, with 00 being the softest scale.  Within this scale 
values range from 00 (softest) to 100 (hardest) by steps of 10. Two competing
products of 00-10 hardness were tested.  Through qualitative analysis, the 
Ecoflex 00-10 proved to be the softest rubber.
Moving forward with the Ecoflex rubber, varying percentages of thinner by 
mass were tested with a constant 7 grams of iron rods added to the sample.
Creation of the samples was a difficult task as each trial had different curing 
times and a window of about 10 minutes existed in which iron should added 
to avoid it all settling on the bottom or the polymer ripping.
Correcting for the iron by percentage of total mass, as opposed to merely the 
mass of the iron, created a need for samples 7 and 8.  
Testing of the samples saw the sample exposed to a 3000 Gauss (G) magnetic 
field and then no field.  Both positions had images taken in front of a constant 
grid which were then measured for expansion percentages.  Samples 3, 6, 7, 
and 8 were tested 25 times, while sample 5 was only tested 10.
These repeated trials looked for a loss of expansion over repeated exposure 
to a magnetic field.
Method
• From analysis of Sample 3’s expansion measured at differing field strength, 
3000G is not a point of saturation.
• Experimentation to find the optimal iron content, for maximum expansion, 
will be done next in the continuation of this project. 
• Another possible experiment is to adjust the length of the iron rods.  
However, getting uniform iron rod length was quite difficult with the 
methods used in this project to cut the wire.
• It may be useful to find the field strength and expansion percentage at 
saturation of these samples.  3000G was the cap in this project because 
that is where the gaussmeter stopped recording.
• Applications of a soft magnetostrictive polymer could include stereo 
systems and as an instrument producing careful adjustments.
Discussion
The ideal polymer composition is somewhere between 17 and 28 percent 
thinner by mass.  My estimate would put that value close to 22 or 23 percent, 
but more testing to create an accurate window is necessary.
Increasing iron content continually yields a higher expansion value.  This 
finding was consistent with Aaron Hamann’s findings which contained up to 
12 grams of iron.
Silicone based rubber does not produce a significant loss of expansion over 25 
trials reaching 3000G.  An additional 25 trials were taken for Sample 3 which 
further confirmed this finding.
Conclusions
Percent Thinner by Mass Percent Iron by Mass Expansion Percentage
Sample 3 16.9 8.47 9.9
Sample 5 21.6 7.15 10.7
Sample 6 28.8 10.30 9.9
Sample 7 16.9 7.15 7.0
Sample 8 21.6 10.30 11.5
This project is based off of the findings of Aaron Hamann and E. Dan 
Dahlberg’s 2017 publication on the expansion demonstrated by suspending 
small iron (ferromagnetic) rods in a gelatin matrix.  Hamann’s study produced 
expansion percentages ranging up to 20%1.  
Expansion on the order of tens of percent is very significant when compared 
to the saturation of  cobalt at a strain of 60 ppm2.  Alloys allow for higher 
expansion such as Terfenol-D which can reach 2000 ppm2.   However, these 
finds are still significantly less than Hamann’s 20%.
Unfortunately, with the 2017 study, the findings were not replicable at that 
magnitude.  Once exposed to a magnetic field, the samples would experience 
tearing as the iron rods (to a degree) cut their way to the orientation with the 
magnetic field.  The sample would then not see a similar expansion because 
the rods do not translate their rotational motion to the sample as a whole.
This project attempts to rectify the loss of expansion over repeated trials.  
This was done through use of silicone based polymers in place of the gelatin 
matrix.
Results
Figure 1. Sample #6 data at 3000 Gauss. Figure 2. Expansion trendlines at 3000 Gauss.
Table 1. Percent inputs and average expansion
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Figure 3. All 5 significant trials in thinner vs iron plot.  Accompanying arrows show 
The changes in expansion percentages.
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